Abstract Dispersion of particles, as evidenced by changes in their number distributions (PNDs) and concentrations (PNCs), in urban street canyons, is still not well understood. This study compares measurements by a fast-response particle spectrometer (DMS500) of the PNDs and the PNCs (5-1000 nm, sampled at 1 Hz) at street and rooftop levels in a Cambridge, UK street canyon, and examines mixing, physical and chemical conversion processes, and the competing influences of traffic volume and rooftop wind speed on the PNDs and the PNCs in various size ranges. PNCs at street level were ≈6.5 times higher than at rooftop. Street-level PNCs followed the traffic volume and decreased with increasing wind speed, showing a larger influence of wind speed on 30-300 nm particles than on 5-30 nm particles. Conversely, rooftop PNCs in the 5-30 nm size range increased with wind speed, whereas those for particles between 30 and 300 nm did not vary with wind speed.
Introduction
Current regulations address the amount of the ambient particulate matter (PM) as PM 10 (D p ≤ 10µm) and PM 2.5 (D p ≤ 2.5 µm); these regulations use mass concentrations of particles, not particle number concentrations (QUARG 1996) . Fine particles (below 1000 nm, which is within PM 1 ) are not included in the regulatory limits because they contribute very little to the particle mass. Recent toxicological studies have suggested that ultrafine particles, i.e., the fraction of fine particles below 100 nm and the main component of ambient particles by number, are more toxic than coarser particles, per unit mass (Oberdorster 2000) . Furthermore, epidemiological studies suggest a correlation between exposure to ambient ultrafine particles at high number concentrations, and adverse health effects (Peters and Wichmann 2001, Davidson et al. 2005) . The case for using the particle number concentration (PNC-the total number of particles, of all sizes, per unit volume, whereas PND is the distribution function of the total number of particles per unit volume against particle diameter) as a marker of potential health hazards has been made by several researchers (Pope III 2000 , AQEG 2005 , but progress has been hampered by a lack of standard methods and instrumentation to measure the particle number concentrations. Furthermore, a lack of a detailed understanding of the influence of ambient meteorology and traffic flows on particle dispersion has been the major problem for the design of effective mitigation strategies for particulate pollution in urban areas.
Vehicles are the main source of ultrafine particles in urban street canyons (Schauer et al. 1996) . Zones of high PNCs can be commonly seen in urban street canyons, because of the limited dispersion of exhaust emissions due to the surrounding built-up environment (Van Dingenen et al. 2004) . Over the past two decades several groups (Shi et al. 1999 , Vardoulakis et al. 2002 , Longley et al. 2003 , Li et al. 2007 ) have studied the mass and number concentrations of particles at different heights in urban street canyons, but the effects of mixing and physical and chemical conversion of particles on particle numbers and size distributions are still a matter of discussion.
Concentrations at street level can be much higher than those in unobstructed locations with well-mixed air. The differences depend on traffic characteristics, the geometry of the street canyon, advection of emissions from adjacent streets and turbulence produced by wind, atmospheric instability and traffic, all making pollutant dispersion in urban streets a complex problem (Bauman et al. 1982) . There are several studies related to the spatial variation of gaseous pollutants in urban street canyons. Thus Qin and Kot (1993) reported an average vertical difference of approximately a factor of two for both CO and NO x between road level and the 25-m rooftop level. Zoumakis (1995) measured a drop by a factor of 3-4 in CO concentrations at 29-m rooftop from road level. According to Bauman et al. (1982) CO concentrations are higher by a factor of 4 at road level than at 60-m rooftop, while Vakeva et al. (1999) found a factor of 5 difference in the concentrations of CO, NO x and O 3 between street level (3 m) and rooftop (25 m). All the above studies show a high correlation between levels of primary (gaseous) pollutants and traffic volume, as well as strong concentration gradients in a street canyon.
Conversely, there is very little (Bauman et al. 1982 , Vakeva et al. 1999 ) information on similar comparisons for fine particles. Vakeva et al. (1999) found the number concentration of particles to be 5 times higher at street (1.5 m) level than that at rooftop (25 m); also Bauman et al. (1982) reported a factor of 2-4 difference for fine particles between road level and 60 m rooftop. However, no information on particle number distributions (PND) was presented in the above two studies.
In this work PNDs were continuously measured in the 5-1000 nm size range at street and subsequently at rooftop level, in Cambridge, UK. This study is novel in two respects; firstly, we used a recently developed instrument, the 'fast response differential mobility spectrometer DMS500', to measure the PNDs, providing near real-time continuous measurements, unlike other studies, which used, for example, a scanning mobility particle sizer (SMPS),
